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(54) Fuel injector with a restricted flow means in the control valve arrangement 



(57) A fuel injector including a control valve arrange- 
ment for use in controlling fuel pressure within a control 
chamber (30) comprises a control valve member (32) 
which is movable between a first position in which the 
control chamber (30) communicates with a source of 
high pressure fuel and a second position in which the 
control chamber(30) communicates with a low pressure 
fuel drain and communication between the control 
chamber (30) and the source of high pressure fuel is 
broken. The control valve arrangement includes restrict- 



ed flow means (48) for restricting the rate of flow of fuel 
from the source of high pressure fuel to the control 
chamber (30) when the control valve member is moved 
towards its first position. 

The provision of the restricted flow means (48) pre- 
vents unbalanced hydraulic forces acting on the control 
valve memberwhen the control valve member is moved 
towards its first position, which can otherwise lead to 
valve needle dither between injecting and non-injecting 
states. 




Primed by Jouve. 75001 PARIS (FR) 



1 



EP 1 245 822 A2 



Description 

[0001] This invention relates to a fuel injector having 
a control valve arrangement for use in controlling fluid 
pressure within a control chamber. In particular, the in- 
vention relates to a fuel injector for use in the delivery 
of fuel to a combustion space of an internal combustion 
engine. 

[0002] It is known to provide a fuel injector with a con- 
trol valve arrangement which is arranged to control 
movement of a fuel injector valve needle relative to a 
seating so as to control the delivery of fuel from the in- 
jector. Movement of the valve needle away from the 
seating permits fuel to flow from a delivery chamber 
th rough an outlet of the injector into the engine cylinder 
or other combustion space. 

[0003] The control valve arrangement includes a con- 
trol valve member which is movable between a first po- 
sition, in which fuel under high pressure is able to flow 
into the control chamber, and a second position in which 
the control chamber communicates with a low pressure 
fuel reservoir. A surface associated with the valve nee- 
dle is exposed to fuel pressure within the control cham- 
ber such that the pressure of fuel within the control 
chamber applies a force to the valve needle to urge the 
valve needle against its seating. 

[0004] In order to commence injection, the valve ar- 
rangement is actuated such that the control valve mem- 
ber is moved into its second position, thereby causing 
fuel pressure within the control chamber to be reduced. 
The force urging the valve needle against its seating is 
therefore reduced and fuel pressure within the delivery 
chamber serves to lift the valve needle away from its 
seating to permit fuel to flow through the injector outlet. 
In order to terminate injection, the valve arrangement is 
actuated such that the control valve member is moved 
into its first position, thereby permitting fuel under high 
pressure to flow into the control chamber. The force act- 
ing on the valve needle due to fuel pressure within the 
control chamber is therefore increased, causing the 
valve needle to be urged against its seating to terminate 
injection. 

[0005] Problems can occur in such arrangements as, 
when the control valve member is moving between its 
first and second positions, significant unbalanced hy- 
draulic forces act on the control valve member. In par- 
ticular, when it is desired to terminate injection, unbal- 
anced forces acting on the control valve member serve 
to resist movement of the control valve member from its 
second position to its first position . The unbalanced forc- 
es acting on the control valve member therefore cause 
the control valve member to 'hover' between its first and 
second positions such that the re-establishment of high 
pressure fuel within the control chamber is either de- 
layed or prevented. As a result, the valve needle of the 
injector may 'dither' between injecting and non-injecting 
positions, and this has a detrimental effect on injector 
performance. 



[0006] It is an object of the present invention to pro- 
vide a control valve arrangement which removes or al- 
leviates the aforementioned disadvantage. 
[0007] According to the present invention there is pro- 
5 vided a fuel injector comprising a valve needle operable 
to control fuel delivery from the injector, and a control 
valve arrangement for use in controlling fuel pressure 
within a control chamber so as to control movement of 
the valve needle, wherein said control valve arrange- 
to ment comprises a control valve member which is mov- 
able between a first position in which the control cham- 
ber communicates with a source of high pressure fuel 
and a second position in which the control chamber 
communicates with a low pressure fuel drain and com- 
15 munication between the control chamber and the source 
of high pressure fuel is broken, and restricted flow 
means for restricting the rate of flow of fuel from the 
source of high pressure fuel to the control chamber 
when the control valve member is moved towards its first 
20 position. 

[0008] It has been found that the problem of unbal- 
anced hydraulic forces acting on the control valve mem- 
ber to resist movement into the first position is substan- 
tially removed if the rate of flow of fuel between the 
25 source of high pressure fuel and the control chamber is 
restricted. The problem of control valve member 'hover' 
can therefore be alleviated. 

[0009] Typically, the injector may be of the type in 
which the pressure of fuel within the control chamber 

30 applies a force to a surface associated with a valve nee- 
dle of the injector to urge the valve needle towards a 
valve needle seating, in which position fuel injection 
does not occur. Upon a reduction in fuel pressure within 
the control chamber, the force acting on the valve needle 

35 is reduced, thereby causing the valve needle to lift away 
from the valve needle seating to commence injection. 
[0010] The injector may be arranged such that, when 
the control valve member is in its first position, the valve 
needle is urged seated against the valve needle seating 

40 and fuel injection does not occur. 

[0011] Preferably, the control valve member is slide- 
able within a bore provided in a valve housing and the 
control valve member defines, together with a region of 
the bore, a restricted flow path through which fuel flows 

45 between the source of high pressure fuel and the control 
chamber. 

[0012] The surface of the control valve member may 
be shaped to define, together with the region of the bore, 
the restricted flow path. 

50 [0013] Alternatively, or in addition, the bore may be 
shaped to define, togetherwith the surface of the control 
valve member, the restricted flow path. 
[0014] The control valve member or the bore is pref- 
erably provided with an annular recess or groove ar- 

55 ranged upstream of the restricted flow means. The pro- 
vision of the annular groove or recess serves to reduce 
the disadvantageous temperature-dependent viscosity 
effects of high pressure fuel flowing through the restrict- 
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ed flow path. 

[001 5] Preferably, the control valve arrangement is ar- 
ranged such that, when the control valve member is in 
its first position, the control valve member is in engage- 
ment with a first seating which is defined by a surface 5 
of a further housing adjacent the valve housing. 
[0016] The control valve arrangement is preferably ar- 
ranged such that, when the control valve member is in 
its second position, the control valve member is in en- 
gagement with a second seating which is defined by a 10 
surface of the bore. 

[0017] When the control valve member is in the first 
position , a first flow area, A, is defined between the sec- 
ond seating and a surface of the control valve member. 
Preferably, the restricted flow path has a further flow ar- is 
ea between one quarter of the first flow area (0.25A) and 
the first flow area (A), and more preferably between 
0.25Aand 0.75A. 

[0018] According to a second aspect of the present 
invention, there is provided a fuel injection system com- 20 
prising a fuel injector as herein described. 
[0019] The invention will be described, by way of ex- 
ample, with reference to the accompanying drawings, 
in which: 

25 

Figure 1 is a sectional view of an injection nozzle of 
a known fuel injector, 

Figure 2 is a sectional view of a conventional control 



[0020] Referring to Figure 1 , a fuel injector for use in 
delivering fuel to an engine cylinderor other combustion 
space of an internal combustion engine comprises a 
valve needle 10 which is slideable within a bore 12 pro- 45 
vided in a nozzle body 14. The valve needle 10 is enga- 
gable with a valve needle seating 1 6 defined by the bore 
12 so as to control fuel delivery through a set of outlet 
openings 18 provided in the nozzle body 14. The bore 
12 is shaped to define an annular chamber 20 to which 50 
fuel under high pressure is delivered, in use, through a 
supply passage 22 provided in the nozzle body 14. Fuel 
delivered to the annular chamber 20 is able to flow 
through flats, grooves or flutes 24 provided on the sur- 
face of the valve needle 10 into a delivery chamber 26 55 
defined between the valve. needle 10 and the bore 12. 
[0021] At the end of the valve needle 1 0 remote from 
the outlet openings 18, the end surface 10a of the valve 



needle 10 is exposed to fuel pressure within a control 
chamber 30. Fuel pressure within the control chamber 
30 applies a force to the valve needle 10 which serves 
to urge the valve needle 10 against the valve needle 
seating 16 to prevent fuel injection through the outlet 
openings 18. In use, with high pressure fuel supplied to 
the annular chamber 20 through the supply passage 22 
and, hence, to the delivery chamber 26, a force is ap- 
plied to thrust surfaces 1 0b, 1 0c of the valve needle 1 0 
which serves to urge the valve needle 10 away from the 
valve needle seating 16. If fuel pressure within the con- 
trol chamber 30 is reduced sufficiently, the force acting 
on the thrust surfaces 10b, 10c dueto fuel pressure with- 
in the delivery chamber 26 is sufficient to overcome the 
force acting oh the end surface 10a of the valve needle 
10. such that the valve needle 10 lifts away from the 
valve needle seating 16 to commence fuel injection. 
Thus, by controlling fuel pressure within the control 
chamber 30, initiation and termination of fuel injection 
can be controlled. 

[0022] It will be understood that the surface 1 0a of the 
valve needle may carry an additional component which 
is exposed to fuel pressure with in the control chamber 
30. 

[0023] In a known fuel injector, the pressure of fuel 
within the control chamber 30 may be-controlled by 
means of the control valve arrangement, as shown in. 
Figure 2. The control valve arrangement includes a con- 
trol valve member 32 which is slideable within-a further 
bore 34 defined in a valve housing 36. The valve hous- 
ing 36 is in abutment with a further housing 40 within 
which the control chamber 30 is defined, at least in part. 
The further housing 40 is provided with a drilling which 
defines a flow passage 42 in communication with a low 
pressure fuel reservoir or drain. 

[0024] The end face of the further housing 40 defines 
a first seating 38 with which an end of the control valve 
member 32 is engageable when the control valve mem- 
ber 32 is moved into a first position. The further bore 34 
is shaped to define a second seating 44 with which a 
surface of the control valve member 32 is engageable 
when the control valve member 32 is moved into a sec- 
ond position. Conveniently, the control valve member 32 
is biased into engagement with the first seating 38 by 
means of a spring (not shown) or other biasing means. 
Movement of the control valve member 32 may be con- 
trolled by means of an electromagnetic actuator ar- 
rangement or a piezoelectric actuator arrangement in a 
conventional manner. 

[0025] In use, with the control valve member 32 in its 
first position such that the end of the control valve mem- 
ber 32 is in engagement with the first seating 38, fuel at 
high pressure is able to 'flow from the supply passage 
22 through an intermediate flow passage 46 defined in 
the valve housing 36, past the second seating 44 and 
into the control chamber 30. In such circumstances, fuel 
pressure within the control chamber 30 is relatively high 
such that the valve needle 10 is urged against the valve 



valve arrangement for use with the injection nozzle 30 
in Figure 1 , 

Figure 3 is a sectional view of a control valve ar- 
rangement forming part of the present invention, 

35 

Figure 4 is an enlarged, exaggerated view of a part 
of the control valve arrangement in Figure 3, and 

Figure 5 is a sectional view of an alternative embod- 
iment to that shown in Figure 3. 40 
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needle seating 16. Thus, fuel injection through the outlet 
openings 18 does not occur. The control valve member 
32 is shaped such that a flow path of relatively large di- 
ameter exists for fuel flowing through the intermediate 
flow passage 46, past the second seating 44 and into 
the control chamber 30 when the control valve member 
32 is seated against the first seating 38. 
[0026] When the control valve member 32 is moved 
away from the first seating 38 into engagement with the 
second seating 44, fuel within the supply passage 22 is 
no longer able to flow past the second seating 44 and 
fuel within the control chamber 30 is able to flow past 
the first seating 38 and through the flow passage 42 to 
the low pressure fuel reservoir. Fuel pressure within the 
control chamber 30 is therefore reduced and the valve 
needle 1 0 is urged away from the valve needle seating 
16 as the force due to fuel pressure within the delivery 
chamber 26 acting on the thrust surface 1 0b of the valve 
needle is sufficient to overcome the reduced force acting 
on the end surface 10a of the valve needle 10. 
[0027] In circumstances in which the control valve 
member 32 is moved away from the first seating 38 to- 
wards the second seating 44. hydraulic forces associ- 
ated with fuel flow over the second seating 44 and re- 
strictions in the flow passage 42 to drain act on the con- 
trol valve member 32 so as to aid the actuation force 
causing movement of the control valve member 32. 
However, when the actuation force is removed and con- 
trol valve member 32 is urged away from the second 
seating 44 towards the first seating 38 by means of the 
spring force, unbalanced hydraulic forces acting on the 
control valve member 32 due to the flow of fuel past the 
second seating 44 can cause the control valve member 
32 to 'hover' between the second and first seatings 44, 
38. It is therefore difficult to restore high pressure within 
the control chamber 30, such that the valve needle 10 
may be caused to 'dither' between its injecting and non- 
injecting states. 

[0028] Referring to Figure 3, the present invention al- 
leviates this problem by providing restricted flow means 
for high pressure fuel flowing from the supply passage 
22 into the control chamber 30 when the control valve 
member 32 is moved towards its first position against 
the first seating 38. The control valve member 32 is 
shaped to define, together with a region of the further 
bore 34, a restricted flow path 48 for fuel. The provision 
of the restricted flow path 48 serves to limit the rate at 
which fuel under high pressure can flow past the second 
seating 44 into the control chamber 30 when the control 
valve member 32 is moved against the first seating 38, 
such that the imbalance in hydraulic forces acting on the 
control valve member 32, which would otherwise resist 
movement of the control valve member 32 towards the 
first seating 38, is reduced. 

[0029] As can be seen most clearly in Figure 4, when 
the control valve member 32 is in a position in which it 
is seated against the first seating 38, a clearance is de- 
fined between the second seating 44 and the surface of 



the control valve member 32. Preferably, the control 
valve member 32 is shaped such that the restricted flow 
path 48 has a flow area between 0.25A and A, and pref- 
erably between 0.25A and 0.75A. Typically, the diamet- 

5 rical clearance between the control valve member 32 
and the further bore 34 in the region of the restricted 
flow path 48 is approximately 80% of the range of move- 
ment of the control valve member between its first po- 
sition (when it is seated against the first seating 38) and 

10 its second position (when it is seated against the second 
seating 44) for a 90° seat. The clearance, C, identified 
in Figure 4 is a linear dimension which, when revolved 
about the axis of the control valve member 32, defines 
a minimum flow area at the seat. 

15 [0030] The control valve member 32 is also provided 
with an annular recess or groove 50 arranged upstream 
of the restricted flow path 48. The provision of the an- 
nular groove 50 limits the length of the restricted flow 
path 48. The annular groove 50 also ensures the detri- 

20 mental temperature-dependent viscosity effects due to 
fuel flowing through the restricted flow path 48 are re- 
duced. 

[0031] Figure 5 shows a further alternative embodi- 
ment of the invention in which the restricted flow means 

25 is provided by appropriate shaping of the further bore 
34 provided in the valve housing 36, rather than by shap- 
ing the control valve member 32. In the embodiment 
shown in Figure 5, the control valve member 32 has a 
substantially constant diameter along its length, the fur- 

30 ther bore 34 being shaped to define a region 34a of en- 
larged diameter which defines, together with the outer 
surface of the control valve member 32, a restricted flow 
path 48a. In practice, however, it may be more conven- 
ient to shape the control valve member 32, rather than 

35 the further bore 34 in the valve housing 36. 

[0032] It will be appreciated that both the control valve 
member 32 and the further bore 34 may be shaped, if 
required, to define a restricted flow path of appropriate 
dimension. As an alternative to that shown in Figures 3 

40 to 5, the control valve member 32 may have a substan- 
tially constant diameter along its length and may be pro- 
vided with flats, slots or grooves to define the restricted 
flow path 48. 

[0033] In a further alternative embodiment, the re- 
^5 stricted flow path upstream of the second seating 44 
may be defined by a restriction in the intermediate flow 
passage 46, and need not be defined by the control 
valve member 32 and/or the further bore 34. 
[0034] Movement of the control valve member 32 may 
50 be controlled by means of an electromagnetic actuator 
arrangement, the control valve member 32 being cou- 
pled to an armature of the electromagnetic actuator ar- 
rangement such that energisation and de-energisation 
of an electromagnetic winding causes movement of the 
55 armature and, hence, movement of the control valve 
member 32. Alternatively, movement of the control valve 
member 32 may be controlled by means of a piezoelec- 
tric actuator arrangement comprising one or more pie- 
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zoelectric elements. 

[0035] It will be appreciated that the present invention 
is not limited to use with a fuel injector of the inwardly 
opening type, as shown in Figure 1 , but may be used in 
a fuel injector of the outwardly opening type in which 
movement of a valve needle outwardly from a bore en- 
ables fuel injection to be commenced. In an outwardly 
opening injector, an increase in fuel pressure within the 
control chamber 30 will give rise to initiation of injection, 
as the valve needle is urged outwardly from the bore, a 
reduction in fuel pressure within the control chamber 30 
causing the valve needle to be urged inwardly within the 
bore, against its seating, to terminate injection. 
[0036] It will further be appreciated that the control 
valve arrangement of the present invention is not limited 
to use in a fuel injector for controlling fuel delivery to an 
internal combustion engine, but may be used in any fluid 
control system. 



Claims 

1. A fuel injector comprising: a valve needle (10) op- 
erable to control fuel delivery from the injector, and 
a control valve arrangement for use in controlling 
fuel pressure within a control chamber (30) so as to 
control movement of the valve needle, wherein said 
control valve arrangement comprises a control 
valve member (32) which is movable between a first 
position in which the control chamber (30) commu- 
nicates with a source of high pressure fuel and a 
second position in which the control chamber (30) 
communicates with a low pressure fuel drain and 
communication between the control chamber (30) 
and the source of high pressure fuel is broken, and 
restricted flow means (48) for restricting the rate of 
flow of fuel from the source of high pressure fuel to 
the control chamber (30) when the control valve 
member (32) is moved .towards its first position. 

2. A fuel injector as claimed in Claim 1, wherein the 
control valve member (32) is slideable within a bore 
(34) provided in a valve housing (36) and wherein 
the control valve member (32) defines, together 
with a region of the bore (34), a restricted flow path 
(48) through which fuel flows between the source 
of high pressure fuel and the control.chamber (30). 



5. 



A fuel injector as claimed in any of Claims 1 to 4, 
wherein the valve member (32) carries a collar 
member which is shaped to define, together with a 
region of the bore (34), the restricted flow means 
(48). 



6. A fuel injector as claimed in any of Claims 1 to 5, 
wherein the control chamber (30) is> defined by a 
surface of the valve needle (10) or a component car- 
ta ried thereby. 



A fuel injector as claimed in any of Claims 1 to 6, 
wherein the control valve member (32) is provided 
with an annular recess or groove (50) arranged up- 
stream of the restricted flow means (48). 
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A fuel injector as claimed in any of Claims 2 to 7, 
wherein the control valve member (32) is engage- 
able with a second seating (44) defined by a surface 
of the bore (34), the control valve member (32) en- 
gaging the second seating (44) when in its second 
position. 



9. A fuel injector as claimed in any of Claims 2 to 8, 
25 wherein the control valve member (32) is engage- 
able with a first seating (38) defined by a surface of 
a further housing (40) adjacent the:valve housing 
(36), the control valve member (32) : engaging the 
first seating (38) when in its first position. 

30 

10. A fuel injector as claimed in Claim 8 or Claim 9, 
wherein a first flow area is defined between a sur- 
face of the bore (34) and the second seating (44) 
when the control valve member (32) is in the first 

35 position, and wherein the restricted flow path (48) 
defines a further flow area between one quarter of 
the first flow area and the first flow area. 

11. A fuel injector as claimed in Claim 1, wherein the 
40 restricted flow means is defined by a restriction 

within a supply passage (46) in communication with 
the source for delivering fuel at high pressure to the 
bore (34). 

45 12. A fuel injection system for an internal combustion 
engine comprising a fuel injector as claimed in any 
of Claims 1 to 11. 



A fuel injector as claimed in Claim 2, wherein the 
surface of the control valve member (32) is shaped 
to define, together with the region of the bore (34), 
the restricted flow path (48). 



50 



4. A fuel injector as claimed jn Claim 2 or Claim 3, 

wherein the bore (34) is shaped to define, together 55 
. with the control valve member (32). the restricted 
flow path (48). 
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